Objective: To assess the impact of cochlear implantation (CI) on children with cytomegalovirus (CMV)-induced deafness. Study Design: Retrospective chart review. Patients: Four children with congenital CMV-related deafness (CMV group) and 17 children with congenital deafness without CMV infection as the cause of deafness (non-CMV group). The age at CI ranged from 2.0 to 3.3 years (mean, 2.6 yr) in the CMV group and from 1.8 to 3.6 years (mean, 2.6 yr) in the non-CMV group. Their follow-up period ranged from 3.0 to 4.3 years (mean, 3.3 yr) in the CMV group and from 1.6 to 4.3 years (mean, 3.3 yr) in the non-CMV group. Methods: Evaluation and comparison of preoperative and postoperative hearing levels, motor, social, and language development, InfantYToddler Meaningful Auditory Integration Scale, and Enjoji Scale of Infant Analytical Development between the 2 groups.
Results: Within 12 months after CI, the mean score of both language perception and production was poorer in the CMV group than in the non-CMV group, and the difference in the language production was statistically significant. However, 12 months after CI, the language perception and production showed good progress at levels similar to that of the non-CMV group. Conclusion: Long-term results of the language perception and production after CI was satisfactory in Japanese children with congenital CMV-related deafness compared with in subjects deafened by other causes. CMV alone, as a cause of deafness, is not likely a contraindication for CI. Key Words: Cochlear implantVCongenital cytomegalovirus infectionVSensorineural hearing loss. Cytomegalovirus (CMV) infection is the most common intrauterine viral infection, affecting approximately 0.5 to 2.5% of all live births in the world (1, 2) . In the United States and European countries, where the antibody possession rate of CMV in pregnant women is as low as 30 to 40%, newborns with CMV initial intrauterine infection has been a common problem. It was not a serious problem in Japan because the rate used to be 95% or higher. However, recently, the rate decreased from 85% in 1988 to 68.1% in 1999 (3) .
Severe CMV intrauterine infection manifests itself as a form of systemic cytomegalic inclusion disease, resulting in stillbirth or abortion in many cases (4, 5) . Approximately 90% of congenitally infected infants who were born alive remain asymptomatic (1,2); however, later complications, such as hearing loss, mental retardation, delay in psychomotor development, learning disabilities, and expressive language delays, are reported in association with more than 90% of them (6) .
There are 2 problems to be considered when cochlear implantation (CI) is applied on infants with CMVinfected deafness; one is that 50 to 70% of their sensorineural hearing losses (SNHLs) is progressive (7Y9), and the other is that their coexisting central disorders/learning difficulties (10,11) may influence their speech and language development as well as their postoperative habilitation. Although the usefulness of the CI on infants and young children with deafness has been fully demonstrated (12, 13) , the literature investigating the postoperative CI results of congenital CMV-deafened patients is limited (10,11,14Y16) . In a study of 7 patients with congenital CMV-related deafness, Pyman et al. (10) reported that these patients were found to have a significantly higher incidence of motor and cognitive delays than average and that development of speech perception skills after CI was slow when they had these types of delays. However, they also reported that etiological factors as the cause of deafness such as CMV alone could not be a statistically significant factor affecting the overall speech perception outcome. Ramirez Inscoe et al. (11) assessed 16 implanted children who were deafened by CMV, and the results were compared with those of a group of 131 children who were congenitally deaf without CMV. They found that the speech intelligibility of children with CMV varies widely after CI and suggested that parents should be informed regarding the wide range of linguistic outcomes of their children after CI and also regarding the possible need for more specific or intensive rehabilitation for these children. In the retrospective review of 13 pediatric patients with CMV-related deafness, Lee et al. (14) reported that early CI and comprehensive rehabilitation can provide meaningful speech perception to infants and children with deafness even if they have associated cognitive delay. Recently, Iwasaki et al. (15) reported that InfantYToddler Meaningful Auditory Integration Scale scores of 2 patients with asymptomatic CMV infections increased consistently during 36 months after CI, and these results were similar to those of 5 children with congenital deafness without CMV infection. Ciorba et al. (16) reported that CI can provide useful speech comprehension to 14 children with CMV-related deafness, even if language development is lower when compared with a group of Connexin 26+ children (8 subjects) matched for age.
To date, we have observed 4 children with congenital CMV infection who underwent CI, and in this article, to clarify whether CI is effective for these children in Japan as well, we investigated their postoperative results on hearing, speech, and language perception and analyzed the correlation between these results and parameters such as their age at diagnosis, age at CI, duration of deafness, and the presence or absence of motor or cognitive delay.
MATERIALS AND METHODS
Four children with congenital CMV-related deafness (2 males and 2 females) were observed, and Table 1 shows their preoperative details (CMV group). These 4 children correspond to 2.3% of all the cases with CI that we had had in our clinic from 1997 to the present (174 cases). Their ages ranged from 2.0 to 3.3 years (mean, 2.6 yr). The follow-up period ranged from 3.0 to 4.3 years (mean, 3.3 yr) after CI.
The diagnosis of a congenital CMV was made by polymerase chain reaction (PCR)Ybased assay using their dried umbilical cords (17) in 2 cases (Cases 1 and 3), and the others had their conditions diagnosed by CMV isolation in the urine at neonatal screening.
The hearing loss in each of the children was diagnosed at different ages (Table 1 ). Hearing loss in Case 2 was diagnosed by newborn hearing screening, and that of the other 3 (75%) was diagnosed after the age of 1 year. The infants started using high-powered box hearing aids (HAs) from the age of 9 months to 3 years. Preoperative imaging studies (computed tomography or magnetic resonance) showed no abnormal findings in any of them. However, Cases 1 and 2 had a history of prematurity and jaundice. No child had cognitive delay, but 3 of the children had slight motor delay.
Their hearing level was assessed by auditory brainstem response testing or behavioral audiometry preoperatively and by behavioral audiometry postoperatively. The InfantYToddler Meaningful Auditory Integration Scale (IT-MAIS) was also examined periodically, and the results from this scale were correlated with the presence or absence of motor or cognitive delay. A word recognition test could be performed only in Case 1. The evaluation of motor and cognitive delay was performed using the Enjoji Scale of Infant Analytical Development (Enjoji Scale) (18) . This method, developed in Japan, evaluates the development of children from birth to approximately 5 years. The development of a child can be assessed by checking his or her performance on the chart, in which standard developmental items at each month are described in the 3 fields including motor, social, and language. In the chart, these 3 fields are subdivided into 2 categories: body movement and hand movement in the motor, basic life behavior and interpersonal relationship in the social, and speech perception and production in the language field, respectively. By checking them, we can clearly assess to what extent a child achieves development in each of the 3 fields and the 6 subdivided categories.
To investigate whether their coexisting central disorders/ learning difficulties influence on their speech and language development, the results of the language perception and production within 1 year after CI were compared with those of a group of 17 children who have congenital deafness and had undergone CI but did not have CMV as the cause of their deafness or any other developmental retardation (non-CMV group). Their ages ranged from 1.8 to 3.6 years (mean, 2.6 yr). The follow-up period ranged from 1.6 to 4.3 years (mean, 3.3 yr) after CI. The statistical differences were analyzed by an unpaired Student's t test. All acceptance criteria for a significant addition to the explained variance were set at p G 0.05.
All 4 patients in the CMV group and 18 of 21 patients in the non-CMV group underwent CI with a Nucleus multichannel cochlear implant system (Cochlear Corp., Englewood, CO, USA), and the remaining 3 patients in the non-CMV group had Combi40+ cochlear implant system (MED-EL, Innsbruck, Austria). All electrodes were inserted in all of them. No perioperative complications were observed in either of the groups. Table 2 shows the hearing level data and IT-MAIS of the 4 children before and after CI. Preoperative hearing level was greater than 100 dB in all the cases, and the mean level of preoperative aided hearing thresholds was 70.8 dB, which improved to 23.3 to 41.7 dB after CI. Preoperative IT-MAIS was 17 in Case 2, whose condition was diagnosed and intervened at an early age, and was between 4 and 6 in the remaining 3 cases, but they improved in all the cases to between 19 and 38 after CI. Word recognition level has improved to be as high as 72% (60 dB, open set) without lip reading in Case 1 but could not be tested in other cases because of their early age.
RESULTS
The results of the Enjoji Scale are shown in Figure 1 . In Case 1, probably because the diagnosis of hearing loss was as late as at 2 years 10 months, preoperative language perception (10-mo-old level) and production (3-mo-old level) were significantly delayed. However, during the postoperative period up to 3 years 7 months later, language perception improved to the level of a 3-year-4-month-old child with normal hearing and language production to the level of a 4-year-9-month-old child, respectively (Fig. 1A) . Case 2, who started using HAs bilaterally from the age of 9 months, was the earliest of the 4 cases ( Table 1) . The motor and social performances were slightly delayed in Case 4 (Fig. 1D) , but all these 4 cases finally achieved satisfactory results in language production and perception.
Long-term results of the language perception and production after CI evaluation by the Enjoji Scale are plotted in Figure 2 , respectively. In cases in the CMV group, they tended to develop more slowly than non-CMV cases during the first year after CI but eventually reached a similar level to the non-CMV cases. The statistical differences of the language perception and production between the CMV and the non-CMV groups within 12 months and more than 12 months after CI evaluation by the Enjoji Scale are indicated in Table 3 . The mean scores of both language perception and production within 12 months after CI were poorer in the CMV group than those in the non-CMV group, and the difference in the language production was statistically significant. However, there was no statistically significant difference in the language perception and production 12 months after CI between the CMV and the non-CMV groups.
DISCUSSION
In this study, it was found that improvement can be achieved not only on the pure-tone hearing threshold but also in the language perception and production after CI even in children with deafness due to congenital CMV infection, particularly in Cases 1 and 2, who were under observation for an extended period.
Infants with CMV infection are known to have coexisting central disorders/learning difficulties (19, 20) , which may influence the development of speech and language, and thus postoperative rehabilitation. In this study, the language perception and production of the CMV group within 12 months after CI were poorer than those in the non-CMV group, but they reached a level similar to those of the non-CMV groups during the long term, although this was observed only in a small sample size. No case had a cognitive delay in this study, but Case 4 may possibly have difficulties in behavior and poor attention control from our observation during examination. Because children with congenital CMV having poor attention control are considered more susceptible to later complications such as learning difficulties, careful observation is required on clinical course after CI. From this observation, longitudinal follow-up in these patients is very important because outcomes may diverge from other CI users as more information and postoperative testing is accumulated.
Fowler et al. (8, 21) reported that SNHL, which was detected in 5.2% of infants with congenital CMV infection Early precise diagnosis of congenital CMV infection is considered important in determining the appropriate treatment during the long term. For example, early diagnosis enables early aural habilitation, resulting in improved oral communication skills as in Case 2 in this study, and enables the patients for ganciclovir therapy that may prevent hearing deterioration involving the central nervous system (22) .
The diagnosis of congenital CMV infection in Cases 1 and 3 was made by PCR-based assay for the retrospective detection using dried umbilical cords. We often use this method for the diagnosis of an unknown cause of SNHL in infants and children, and this is done by detecting the CMV-DNA in the amniotic fluid or CMV-specific immunoglobulin M in the fetal serum or by the combination of both (23) .
It is still controversial whether the screening of CMV among pregnant woman is necessary or not. This is because it is difficult to diagnose it in 10 to 15% of asymptomatic cases at birth and because CMV is a virus that is spread so widely that most people in the world may be infected. Furthermore, treatment of CMV has not been established even if its intrauterine infection can be precisely diagnosed, and it is also quite possible that reinfection with a different strain of CMV can lead to intrauterine transmission and symptomatic congenital infection even after control of 1 strain of CMV (24) . Moreover, it is sometimes difficult to diagnose congenital CMV infection within 2 weeks after birth by detecting its characteristic symptoms. Considering these, the diagnosis of congenital CMV infection by PCR-based assay for the retrospective detection using dried umbilical cords seems extremely useful because this method can be applied retrospectively anytime without limitation of period only if umbilical cord is available (15, 25, 26) .
CONCLUSION
The long-term results of this study showed that CI provided useful improvement not only in the pure-tone hearing threshold but also in the development of speech and language even in children with congenital CMVrelated deafness compared with subjects deafened by other causes. If the condition of patients is diagnosed as CMV at an early age and CI can be performed at that stage, CI can provide considerable benefits for these patients.
